Sixty one duodenal biopsy specimens were examined for the expression of lactase at the level of enzyme activity, protein, and messenger RNA. Of the 51 samples with normal villous architecture, 39 were lactase persistent, 11 were nonpersistent (adult type hypolactasia), and one was of indeterminate status. All the lactase persistent individuals showed high mRNA and a high level of the lactase protein as detected by sodium dodecyl sulphate polyacrylamide gel electrophoresis. All the 11 non-persistent individuals tested showed a low level of lactase protein.
Lactase, the enzyme responsible for hydrolysis of the milk sugar lactose, is expressed specifically in the enterocytes of the small intestine. Lactase activity declines after weaning in most of the world's people, a condition which is sometimes known as adult type hypolactasia, but in certain populations lactase may persist into adult life. It has been known for some time that these phenotypes occur at differing frequencies in different populations of This variation in phenotype has been shown to be genetically determined, by using lactose tolerance tests on families3-7 but, despite the cloning and characterisation of the lactase gene,8-10 its precise molecular basis is unknown. There are differing reports about the levels of lactase mRNA in persistent and non-persistent individuals: some studies reported low lactase mRNA and low lactase protein11 whereas others claimed heterogeneity in the mRNA level in lactase non-persistent individuals.12 Abnormal processing of the lactase protein has been observed in a few lactase non-persistent individuals13 14 but it is not known whether these individuals had high or low mRNA.
This study was initiated because of these major discrepancies in the published reports which were difficult to evaluate. Because of the difficulty of obtaining material from healthy adults, we have used biopsy samples from patients undergoing diagnostic endoscopy but focused our study on samples with normal villous architecture. Furthermore, we have used a highly sensitive semiquantitative polymerase chain reaction (PCR) method for the detection of the mRNA which has meant that it was possible to examine both the lactase protein and mRNA in the same tiny samples.
Methods

PATIENTS
Patients were selected for inclusion in the study from those who presented for routine endoscopy at the Gastroenterology Units of University College Hospitals and were being investigated for symptoms other than lactose intolerance. The patients (age range 21-83 years) were classified as to their ethnic origin using the medical record data. Ethical Committee approval was obtained for this study.
All biopsy specimens were taken from the distal duodenum. Thirty one samples were obtained by Crosby capsule and were divided immediately into two. In 30 cases multiple pinch samples were taken. A portion of the material was fixed in formal saline at room temperature, routinely processed, embedded in paraffin wax, stained with haematoxylin and eosin, and also stained immunohistologically for sucrase-isomaltase and alkaline phosphatase. The recognises the isomaltase subunit of sucraseisomaltase. Immunohistology of lactase was carried out using the antibody, mlac 4.17
The first antibody was an appropriately diluted culture supernatant and the bound antibody was detected using a standard streptavidin/biotin procedure. The sections were pretreated with 0004°/0 protease XXIV (Sigma) for 20 minutes before application of mlac 4 and 0 1% trypsin for 10 minutes before application of AAPI. Standard positive and negative controls were used and the slides were independently assessed by more than one observer. The amount of glucose produced was determined colorimetrically and the activities were expressed as ,umol of substrate cleaved/min/g wet weight of tissue. The assays were performed in batches, in duplicate, together with blanks without substrate and standard controls. Specific activities were not determined because of the limited amount of material available. Instead, results were expressed as a ratio of sucrase to lactase activity which has previously been shown to provide the best discrimination of lactase persistent and non-persistent individuals both in jejunum'7 19 and duodenum.20
SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE)
The remainder of the homogenates prepared for enzyme assay were stored at -70°C before analysis by SDS-PAGE. The level of sucrase-isomaltase and lactase mRNA present in the samples was determined using the semiquantitative RNA-PCR method which is described in detail elsehwere. 22 Briefly, total RNA was prepared from a frozen portion of each biopsy specimen (approximately 5 mg) using a guanadinium thiocyanate-phenol-chloroform method. 23 Reverse transcription of 2 ,ug RNA was primed using random primers and cDNA corresponding to 0 5 ,ug RNA was used for PCR. The oligonucleotides used for the PCR were synthesised using published sequence8 2426 as shown in the 
Results
Sixty one patients were analysed in this survey, 51 of whom showed normal villous architecture. Normal brush border staining of alkaline phosphatase and sucrase-isomaltase was detected in all these cases, with most intense staining of the sides of the villi (data not shown). Ten samples showed abnormal histology, and comprised eight patients with coeliac disease and two of unknown diagnosis. ENZYME 
ACTIVITIES
The results are shown as a ratio of sucrase to lactase activity (Fig 1) . There was no difference in the ranges of the enzyme activities or their ratios obtained using either of the two types of biopsy, Crosby capsule or multiple pinch, and the data were therefore pooled. The ratios obtained for the individuals showing normal villous architecture (shaded in Fig 1) fall into two major groups. Eleven of the patients (age range 27-82 years) showed high sucrase to lactase ratios (greater than 10) diagnostic of lactase non-persistence, whereas 39 (age range 21-83 years) with low ratios (<7) were deemed to be lactase persistent. The one remaining patient (no 16) had a ratio of 7.7 and was thus not easy to classify and was excluded from further study. The activities obtained for the coeliac disease patients were on average lower and the ratios very variable (Fig 1) .
The patients examined were heterogeneous in terms of their ethnic origin. It is noteworthy, however, that 34 of the 39 patients who were lactase persistent were of northern European origin. As expected from the published reports, most of the non-persistent individuals originated from elsewhere. This group comprised two people of Mediterranean origin, five Asians from the Indian subcontinent, one Oriental, one South American, one individual who was half Carribean and half Irish, and only one Northern European.
ANALYSIS OF THE LACTASE PROTEIN BY SDS-PAGE
The lactase protein was readily detectable in the samples from all 35 persistent individuals tested (Fig 2) . A major band of apparent molecular weight 145 000, corresponding to the mature lactase polypeptide, and a minor band of apparent molecular weight 225 000 due to a precursor form were detected in each case. Neither of these bands was detected, or was present in only trace amounts, in the 11 lactase non-persistent individuals, although the sucrase-isomaltase protein was detectable as usual, as the mature isomaltase polypeptide, apparent molecular weight 130000 and two precursor forms 230 000 and 260 000) (Fig 2) . (Fig 3A) . In contrast, the vase majority of cells were negative in the non-persistent individuals and only very occasional cells stained very faintly (Fig 3B) .
The levels of sucrase-isomaltase mRNA were reasonably constant in all the histologically normal individuals tested (Fig 4) . Lactase mRNA, on the other hand, in the same individuals, was much more variable. High levels were detected in all the 35 persistent individuals tested and in one of the non-persistent individuals (no 29 in Fig 4) . In all the other nine non-persistent cases tested, the level of lactase mRNA was low. It is noteworthy that the lactase protein was not detected in the non-persistent individual with high mRNA (Fig 2) and that this individual showed normal expression of sucrase-isomaltase and alkaline phosphatase as determined by immunohistology.
The levels of lactase and sucrase-isomaltase mRNA were determined in five of the biopsy samples from the patients suffering from coeliac disease. The levels of mRNA coding for the brush-border enzyme dipeptidyl peptidase IV (DPP IV) were also examined in these cases, and compared with 15 of the individuals with normal villous architecture. In one case (no 14), all three mRNA levels were normal. In two cases (nos 25 and 36) lactase mRNA was greatly reduced, while sucrase-isomaltase and DPP IV mRNAs were decreased to a lesser extent. In the other two cases (nos 1 and 28), lactase mRNA was reduced, but the levels of sucraseisomaltase and DPP IV were unaffected. Representative results are shown in Figure 5 .
Discussion
We have shown that the lower enzyme activity in lactase non-persistent adults is associated, in nine of 10 cases, with a lower amount of lactase mRNA and consequent absence or lower amount of the lactase protein. (Fig 2) .
The most probable genetic cause of the differences in mRNA level is that there are nucleotide differences between persistent and non-persistent individuals within or around the lactase gene. The failure by several investigators9 10 to detect such differences could be due to the fact that the relevant region(s) may be further upstream than the 1 kb already sequenced, or within the introns, or downstream of the gene. It could also be that critical sequence differences were overlooked due to genetic heterogeneity ofthe lactase non-persistence phenotype. However, genetic differences within a trans-acting factor such as a DNA binding protein which recognises critical promotor sequences, have not yet formally been excluded. We are currently using the material collected during the course of this project to distinguish between these possibilities. Our previous studies have indicated that lactase persistent heterozygotes have intermediate levels of lactase activity.19 In this study too (Fig 1) , the lactase persistent group show suggestive evidence of a bimodal distribution consistent with group of homozygotes and a group of heterozygotes. We are currently adapting the RNA-PCR procedure to determine whether these groups also differ in the level of lactase mRNA as would be expected for a cis-acting (as opposed to trans-acting) regulatory element.
Another aspect of this study is our preliminary observations on the samples taken from the patients with coeliac disease. It had previously been shown that the activity of different brush border enzymes is affected selectively in patients suffering from coeliac disease,29 30 the activity of lactase being reduced significantly, with DPP IV being less affected. It is thus of some interest that this study indicates that the mRNA levels may also to be affected selectively.
The normal expression of brush-border hydrolases depends on the relative rates of synthesis, transport, and turnover of the mRNAs and their protein products as well as the cell kinetics. In the case of lactase, the expression of the mRNA also depends on the genetic constitution of the individual, namely their lactase persistence status. Elucidation of the molecular basis of the lactase persistence polymorphism will eventually enable the distinction between primary and secondary lactase deficiency.
